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FOREWORD 


The work described in this report was performed by the 
Biotechnology Department of the Vehicle. Energy and 
Biotechnology Subdivision, Engineering Division, McDonnell 
Douglas Astronautics Company - Huntington Beach, California. 
Mr. J. R. Jaax of the Crew Systems Division, National 
Aeronautics and Space Administration, Johnson Space Center, 
Houston, Texas, was the contract nonitor. S. W. Nlcol was 
the project manager for McDonnell Douglas at Huntington Beach. 
The G189A computer program configuration control effort was 
prepared on-site at NASA/JSC by R. E. McEnulty. 
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RE FERE Nl'E S 


SUMMARY 


This final report documents the work performed during Phase III of contract 
NAS9- 1 4077 , General Ized Environmental Control and Life Support System Computer 
Program (G189A) Configuration Control. Phas« III of this contract covers 
the period from 1 December 1977 to 30 September 1978. During this period the 
following Items of significance were accomplished: 

1. The G189A simulation of the Shuttle Orblter ECLSS wa; upgraded In the 
following areas: 

(a) The Payload Loop of the Shuttle Simulation was completely 
recoded, checked out, and reflects the latest known con- 
figuration . 

(b) The Shuttle simulation water and freon loop Initialization 
logic was simplified to permit easier program Input for the 
user. 

(c) The G189A simulation was modified to accept the WASP subroutine, 
which Is a subroutine to evaluate thermal properties of water 
and freon. 

(d) The 1108 operating system was updated by LEC, which required 
G189A modifications for compatibility. 

(e) The Shuttle simulation was modified to permit failure cases 
which simulate zero component flow values. 

(f) The Shuttle SEPS version was modified and secure files were 
setup on both the 1108 and 1110 systems to permit simulation 
runs to be made from remote terminals. 



1.0 INTRODUCTION 

The G189 c»e nera 11 ;ed [nvlrvnmental Control and LUf Support ^ v v t r^r 1 Computer 
was Initially conceived and developed bv MOAC-Huntlngton Beach in UM. 

An Initial version of the proor.im was delivered to NASA .’SC In 1‘>b5 under 
contract NAS’J-WRO. Since 1%5 .1 number of program additions, revisions, 
and new developments have occurred as a result of In-house work and subse 
quent NASA contracts. The Crew Svstems Division (CSD) of NASA JSC has been 
Instrumental In developing this program Into a valuable tCISS simulation 
analysis tool. This contract, NAS9-14877 General lied tnvlronmental Control 
and li*e Support '-utt'” Computer Program (GlfldAl Conflgur.it Ion Control, 
provides NASA JSC with Houston based personnel who can maintain, update, and 
ut1H;ed the GltUA computer program effectively and efficiently. The contract 
effort also Includes: yU providing Instruction and consultation services 

for others regarding the use and application of the G1S9A program, y2) develop- 
ing new subroutines or nodlfvlng existing subroutines to provide additional 
capabilities required for current or new simulations, y.*' maintaining and 
Improving existing GIS'JA simulation models developed for Shuttle u’l ss and 
pavload t Cl ss analvses, v 4' developing now simulation I'vdeK as required, 
and ySl supporting special studv analyses requested bv CSD. This contract 
continues the effort begun In April 1*>7J under contract NAS*MJ4yi4. The 
following section describes in detail the progress -ado under the various 
tasks described In the Phase III portion of contract NASd- 14b * * 

C.O REPORT 01 PhAst III PROGRl SS 

The Phase III progress on tasks 1-10 as described In contract V\$9 US’* is 
reported below. 

.* 1 Task 1 Formulate Master Programs 

G1S°A t \tCS ''aster Programs were naintalned and updated during this contract 
period according to the net hod vlescrlbed In paragraph I of Reference 1C. 

The master program can be ac.essed by using either a combination master 
program library tape or a system secure file yG1S' J A' which contains all 


progrAm e ! e***en t % , Ihr \lmul«tldn * an be run bv submitting bAt»h jobs directly 
or » ah be runt# stArted via a termtnAl. s,*, U r«* Mli*\ KTN, KINI And RlUC exist 
on both the HOW And 1110 computer These riles contAln CArd images 

of U1 it 4 A simulation dr,Xs And An* used to remote start simulation runs from 
A remote terminal. The multiple files existing on e.i*h system permits more 
than onr simulation * am* to be In the svstem At the some time, 

lAstk "alntaln Tape l Ihrsrv 

M\ t\K\H wife) master program lihrarys wrre generated this contract ve.ir 

Pat a tapes, post plotting plot (Aprs And table 1 sumarv table tapes **ete 
made And saved an regulred. Table l thous the present tape status 

.* s ‘Ask *, Provide KevomroendAt Ions 

iont**Av t Man been Maintained between J, P Ivennev . UP. .Van Mexa, lit'. 

John urAnAbAn, MSP. And StuArt NUol. M IV\P -Hunt Ing ton beach during this report 
period to provide them with re» oumendAtlons regarding tMe u *e of naste** 
program library t a or n , the use of stmulAtlon nodel tapes, tMe modification 
of program subroutines to perform specific tass-., And peculiarities And 
llmitatl on n of selected subroutines tMesr personnel were tMe only Identified 
active users of the v*l SO A pivgram during this contract ;*er1od. 

.’,4 ’ aslv 4, Provide Instruction 

Ponsul t .it Ion services have Porn provided for tMe on vile users of tMe GliWA 
program And telephone corrtunl cat Ions Mam* been Maintained witM the off Nitr 
users to provide them with Information regarding new program features and 
options, subroutine revisions, And aiiuaI revision* 

.* * 'Ask •>, Prov dr PrvHjrAt’i M odi * i. At ions 

Purlng tMis report period *vdi flp.it ions were **Ade to 1 m of tMe subivutlnes 
thAt Are used bv aII of tMe library versions, to c* of tMr subroutines thAt 
Are used In tMe stAndAnl llbrArv version. And to of the subrv'ut mes used 
for tMe shuttle llbrArv version* Thr nodi fl* At ions Ade to each subivutine 
hAve brrn documented in the *hvii t M 1 v progress reports And Are referenced below 
for each subivutlne name version 


Subrout In** 
NAMt VI RS ION 


Reference Document 
Reference No. (Section) 


ALTCOM 

5 (1.4) 

ANYHX 

6 (1.3) 

ARSGAS/S 

2 (1.4), 4 (1.4), 5 (1.4), 6 (1.3) 

ARSH?#/S 

2 (1.4), 4 (1.4), <* (1.3) 

ARST/S 

* (1.4) 

ATCST/S 

4 (1.4) 

CAP IN A 

2 (1.4), 6 (1.3) 

CAPIN/S 

2 (1.4) 

CAP l NT, A 

2 (1.4), 6 (1.3) 

CABINT S 

2 (1.4), 6 (1.3) 

CASDAT 

5 (1.4) 

CMAN 

5 (1.4) 

ECLST/A 

1 (1.4) 

ECLST/S 

1 (1.4), 3 (1.3), 4 (1.4), 5 (1.4) 

til NT M 

3 (1.3), 4 (1.4), 5 1 1 .4) , P (1.3) 

EL0AD M 

5 (1.4) 

FAN 

5 (1.4) 

FCL/S 

1 (1.4), : (1.4), 4 (1.4), 5 (1.4) 

FLtlWflR 

1 (1.4) 

liASMIX 

5 (1.4), 9 (1.3) 

GP0LY1 M 

1 (1.4), : (1.4). 3 (1.3), 4 (1.4), 

CAUV1 Q 

1 (1.4), : (1.4), 4 (1.4), 5 (1.4). 

gpuly: m 

1 (1.4), : (1.4), 3 (1.3), 4 (1.4), 

GPtftYJ Q 

1 (1.4), : (1.4), 4 (1.4), 5 (1.4), 

G189 

1 (1.4), 4 (1.4) 

HBAl NC 

5 (1.4) 

MAINPL U 

9 (1.3) 

PAYLO, S 

2 (1.4) 

PIPETL 

5 (1.4), 9 (1.3) 

PRESS 

5 (1.4) 

PRlIP A 

5 (1.4), o (1.3) 

PRtfP S 

5 (1.4), P (1.3) 

PRTIMI 

1 (1.4) 

QIPAP M 

1 (1.4), 2 (1.4), 3 (1.3), 4 (1.4), 
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5 (1.4), n (1.3), *> (1.3) 

(1.3) 

(1.4) , 6 (1.3), 9 (1.3) 
(1.3) 


(1.4). e (1.3), *> H.3) 


Sub s, .\'ut in# 

N#f#nMU# iVv'UHiMl 

V\* .t<sU'N S,». (Stctten) 

QfHAVa S 

4 V t . . !» 0.4' 

QT 4Pt * 

5 (1.4) 

QTAVti v 

* 0.4), » 0.4), S (1.4) 

v‘t IX'C A S 

» 0.4), 4 (1.4' 

•ilUA s 

1 (M), .* 0.4), 4 0.4), * (1.4) 

SkGPKY. K 

2 0.4) 

StGPRii s 

1 0.4' 

SlINTAP 

4 O.J) 

tapi nn 

4 0.4' 

t>u k*a; 

4 0.4' 

IVIN 

4 0.4' 

*AS>' 

> ( ) . 4 ' 

•' f ’.tsv 0 , 
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‘•8 Task 8, Su pport » a 1 Analvses 

** fol lotting special study dinji1y%«« were supported during thH contract period 
^ genera t ing Input data, developing special logic and taking the runs: 

Strips state 4nd transient math models of the Lockheed Electronics Company 
Upor Compression Distillation Subsystem were received during tn i s contract 
prrUM. Both «udels wei-e Installed 4nd checked out in UNSIC on the NASA-JSC 
Com* hare system. New efficiency curves for the VCD unit were generated using 
the transient model, A series of requested VCD pretest prediction runs were 
made using the strati state model and the new efficiency data. A ul$9A 

component subroutine simulation of the steady state model was generated and 
is operational. 


..d ’ asc 9 t ''ivvlde Monthly Progress Report 

Nine monthly Progress Reports (References 1-9' were provided under this 
contract effort. 


.*.K' Task U'j Furnish final Report 

This vlocument 1$ furnished to satisfy the requirements of 'ask Id. 

-l.d CdNCtl Sll'NS AND RKVNM1 NtVU lOV. 

The C.l.dOA program configuration control contract has proved to be an efficient 
•vthod of organising and controlling the use and -vdif nation of the dlB9A 
pivgr.v and the ul:19A simulation voels The program users h.ne been identified 
and corunl cat ions have been maintained with these users to provide vonsulta- 
tiv'n, determine program errors and def iclencies . Identify new requirements, and 
def ine system conf igurat ions to be used for specific problem solutions. This 
o' oi t Ms resulted in the orderly development of the di 1 89 A program and has 
estao 1 1 shed a . entral authority vho can asses* proposed prog rani changes and 
their effects upon the program's general 1 red appl icat ions Specific simu 
Tation rvdel requirements are accomodated bv creating special yerslons of 
the standard 81894 sister progra- library (Section d.P As these -vdi f Ications 
are checked out and used and If thev ait determined to Pe applicable to other 
simulations or to the standard master program library t*'e»r solutions are 
prepared as generalized logic blocks which can be added to v *her library 
yerslons and or co the standard library version 




The 6189A Shuttle Orblter ECLSS simulation models developed under Phase ll 
of the previous contract (Reference 10) were modified and upgraded to provide 
the new simulation model conf Iquratlons required for the studies supported 
under this contract (Section 2.8). A simulation model log (Table 1) which 
Identifies the various simulation model conf Igurat Ions developed and their 
current status has oeen maintained. This log provides a convenient method 
of assessing the current G18^A Shuttle ECLSS analysis capability. 

Since 1975 the G189 ECISS program has had the capability to read and process 
the VPAD generated Shuttle Electrical Power System (SEPS) tapes. This has 
permitted the ECISS simulation program to compute realistic transient thermal 
analyses. 

The SEPS program was developed by M r V. primarily to perform consumable analyses 
and although It provides excellent transient data the program requires a 
large amount of time for data preparation and execution M PAP began a parallel 
development effort in 19^5 to create a simplified program which would require 
less time for data preparation and execution, but still yield adequate data 
for consumable analysis purposes. The Shuttle Electrical and Environmental 
Requirements (SHEER) computer program was developed for this purpose. Recently 
vpap restricted Its use of the SEPS program In favor of the SHEER program. 
Therefore, the G189 ECLSS thermal analysis programs were modified tv provide 
the option of inputting electrical power profile data generated with the 
SHIER program. 

The SHEER program differs from the SPES program In that it computes the 
average power requirements for each component used within an activity block 
and groups the power dissipations Into predefined ECLSS heat load locations 
while the SEPS program computes Instantaneous power data for eacn component 
and the user Is free to group the component power dissipations to natch his 
program requirements . The SHEER programs activity block averaging and 
component grouping techniques have been compared with the SEPS instantaneous 
power data to verify the fidelity of the SHEER ECLSS simulation. 



The comparison was made uilh* the flfT2 mission as a test case. The following 
conclusions were made from the study. 

(1) For mission phases that show data out of tolerance, the SHEER 
analysis Is more pessimistic and therefore the SHEER analysis Is 
considered more conservative. 

(2) The study of key parameters over the complete mission shows that 
the maximum difference between SHEER and SEPS key parameters Is 
3%. 

(3) The SHEER analysis for the 0FT2 mission was acceptable for an 
overall mission assessment purpose. 

(4) Tables 1 and 2 of Reference 13 can be used to estimate possible 
errors for other missions. 

The G189A Shuttle simulation models have proven to be a cost effective method 
of studying overall ECLSS performance under a variety of conditions. Problem 
areas can be quickly Identified and determinations can be made as to the 
necessity of performlna additional analyses requiring tne use of the detailed 
thermal analyzer models which are prepared and maintained by RI. The ease 
and speed with which special ECLSS reconfigurations, failure modes, and/or 
boundary conditions can be Incorporated In the various modes! has been 
thoroughly demonstrated. The present set of G189A Shuttle Orblter ECLSS 
simulation models provides a varied data base which can easily be upgraded 
and/or modified to accept hardware development and acceptance test data as 
they become available. 

The followlnq recommendations are made with regard to desired improvements 
for the G189A program and the Shuttle simulation models. 

(1) A new subroutine should be developed that allows a component's 
K array data to be printed out. (The G189A library currently 
contains subroutines which print out component A, B, R, and V 
array data.) This routine would be useful for model debugging. 
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(2) The HSC CO., scrubber should be Incorporated Into the G189A 
simulation. 

(3) Simulation capability using Interactive CRT terminals should be 
expanded. 

4.0 REFERENCES 
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TABLE 1 - SHUTTLE ORBITER ECLSS MODELS 





MASTER PROGRAM LIBRARY 

m 

Item 

No. 

Simulation Model Description 

Tape No. 

Oper. Drop 

Date Date Tape No. 

n 

1 

0FT1 8 PSIA CABIN 

X09163 

X07563 

4-10-78 

X23606 

j 

4-1 

2 

0FT1 (New data base) 

X20909 

X19734 

4-26-78 

XI 1054 

5-1 

3 

4 Man 0FT1 Descent 14.5 PSIA 

X20909 

X19734 

4-26-78 

X01568 

6-1 

J 

4 

4 Man 0FT1 Descent 8 PSIA 

X20909 

X19734 

4-26-78 

XI 8272 

H 

5 

4 Man 0FT1 Descent 10 PSIA 

X20909 
XI 9734 

4-26-78 

X04675 

6-2 

6 

4 Man 0FT1 Descent 12 PSIA 

X20909 

X19734 

4-26-78 

X20674 

7-1 

7 

7 Man S/L II Descent 14.7 PSIA 

X20909 

X19734 

4-26-78 

X10911 

1 

8 

7 Man S/L II Descent 8 PSIA 

X20909 
XI 9734 

4-26-78 

XI 0289 

1 

7-1 

9 

7 Man S/L II Descent 10 PSIA 

X20909 

X19734 

4-26-78 

X20012 

jj 

10 

7 Man S/L II Descent 12 PSIA 

X20909 
XI 9734 

4-26-78 

XI 8056 

—\ 

7-2 

1 


LE 1 - SHUTTLE ORBITER ECLSS MODELS 



PROGRAM LIBRARY 


SIMULATION DATA 

SEPS POWER DATA 

per. 

ate 

Drop 

Date 

Tape No. 

Oper. Drop Oper. Drop 

Date Date Tape No. Date Date 

-10-78 


X23606 

4-10-78 

X00180 

-26-78 


XI 1054 

5-1-78 

X06465 

-26-78 


X01568 

6-19-78 

X06465 

-26-78 


XI 8272 

6-22-78 

X06465 

►26-78 

L 


X04675 

6-26-78 

X06465 

-26-78 


X20674 

7-12-78 

X06465 

•26-78 


X10911 

7-8-78 

XI 981 3 

r 

.26-78 


XI 0289 

7-13-78 

XI 981 3 

•26-78 


X20012 

7-19-78 

XI 981 3 

K 

•26-78 


XI 8056 

7-24-78 

XI 981 3 





Reference 


Location 

Description 

69 

Maximum fan motor efficiency (dimensionless) 

70 

Ratio of shaft power to maximum shaft power 
(dimensionless) 

71 

Fraction of maximum motor efficiency 
(dimensionless) 

72 

Total electrical Input power (watts 

73 

Fan power dissipated by compression of 
gas (watts) 

74 

Power dissipated as heat in fan motor (watts) 

75 

Fan head rise (ft) 

76 

Volumetric flow (cfri) 

77 

Fan power due to adiabatic compression of 
gas (watts) 

78 

Thermal conductance, UA, between fan 
assembly and gas stream (BTU/HR°F) 

79 

Fan aerodynamic efficiency 

80 

Fan pressure rise corresponding to flow 
R(l) (psl) 

81 

Fan pressure rise from previous subroutine 
pass; corresponding to flow R(66) (psi) 

82 

Associated gas circuit pressure drop with 
flow equal to R(1 ) (psl ) 

83 

Associated gas circuit pressure drop with 
flow equal to R(66) (psl ) 

84 

Fan on/off flag; 


0.0 ■ fan off 
1 . 1 * fan on 

85 

Fan motor efficiency (dimensionless) 

86 

Unused 

87 

Decimal fraction limit for changes in R(l) 
when subroutine is estimating flows which 
will balance gas circuit pressure drop with 
fan head rise, (dimensionless) 


Data Type 

I(R) If 
NSTR(3) «• 2 

0 

0 

I(R) If 
NSTR(3) - 0 

0 

0 

0 

0 

0 

I(R) 

I(R) if 

NSTR(4) « 0 

I ( R) ^ 

NSTR(2) * 0 

0 

I ( R) if 
NSTR(2) » 1 

0 

I(R) 

0 when 
NSTR(3) * 2 

1(0), only 
applies when 
NSTR( 2 ) = 1 
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MYPfVl 


2.3 Heat Loss V-Array Data 


Reference 

Location D escriptio n Dat a Type 


51 Avg. Internal module temperature (*F) I(R), 0 

52 Effective sunned conductance to ambient (Btu/nr-°F) 0 

53 Component total ambient heat loss (Btu/hr) 0 

54 Ambient gas temperture (*F) I ( R) 

55 Thermal conductance between surface of Insulation and I ( R) 
ambient gas (Btu/hr-PF) 

56 Convective heat loss to ambient gas (Btu/hr) 0 

57 Ambient radiation wall temperature (°F) I(R) 

58 Thermal radiation A factor f^om surface of 1 ( R) 

Insulation to ambient wall (ft*-) 

59 Radiative heat lo-s to ambient wall (Btu/hr) 0 

60 Structure temperature for heat shorts (°F) I ( R) 

61 Thermal conductance between module and structure I(R) 

temperature ( Btu/hr- *’F) 

62 Conductive heat loss to structure (Btu/hr) 0 

63 Insulation surface temperature ("F) 0 

64 Conductance between module and outer surface of l(R) 

insulation (Btu/hr-°F) (If R(64) ■ 0. there is 

no insulation) 


2.4 Steady State k- Array Data 


Reference 

location Description 

16 Component number of alternate component 

(If zero program assumes no active cooling.) 

2.5 Steady State/Transient V- Array Data 


Reference 
l ocat ion 

65 

66 

67 

68 


Description 

Removal rate of C0^ ( lb/hr) 

£ 

Transfer rate of CO., (lb hr-,.mp-ce! 1 ) 

c 

Desired module temperature ('F) 

Heater turnoff temperature (°F) 


Data Type 
I ( R) 


Data Typ e 

0 

I ( R) 

I(R) 

I ( R) 
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Th<» uj#r, therefore, will set the outlet flow from the tank equal to a desired 
value In a fir#LVt statement in most simulation*. If the tot a 1 flow it 
specif ltd In GP&Y1 Our Inc component solution it R(l), then the Individual 
v onst 1 1 uent 'lows will he determined hv tv routine *rom the known concfntri 
tlcns In the tunk . If the total outlet flow. R^l). is not specified In 
GIVIYI during the component's solutions Put Is calculated during another 
component's solution or In GPPIY?, then the Individual constituent flows 
'•xist he calculated and loaded In the component's proper \ arras locations, 
ihe outlet f low could he kevrd to demand schedules, evaluated from orifice 
equations, or determined hv contivl 1 og 1 c . 


Instruction Options 

NSTR(1): Calculation of outlet flow during steads state 

• 0 In steady state calculations the outlet flow is seg equal to 
the Inlet 'low despite am coding In ili'OLYl, In transient, 
the ui'Oi > 1 coding will he executed, 

1 The outlet flow is determined by a iiFUR.11 statement or the 
previous value If no GfPlYl statement chances It. 

NSTR(2l Steady State Heat balance 

• 0 In steads state, tank fluid te-veratun' equal to temperature 
of Infixing sti'eam. 

• 1 The tank fluid temperature is specified In t?( *0' and the 
heating or cooling load regulred to offset ambient heat losses 
and fluid expansion is calculated 'or steady state operation. 

• .' The tank fluid temperature is calculated by iteration on the 
steady state heat balance. 

\STR(3': Transient Heat balance 

- 0 Skip the transient heat balance and proceed according to 

nstr v :' 

- 1 Perform transient heat balance. 

Initial v 'axx or Volume in 'ank. 

’ ^ Initial volume *h*!'. pi-essurt S^V'. and temperature < v Y' 

Inputs are used to calculate the initial mass 

- 1 v, ass *xlbC' , pressure % and temperature Rv'O) inputs are 

taken as oerrect data. Volume calculated and used in transient 
runs. 

NSTR( 5' The provision 'or heat rejection addition through use of secondarv 
flow as 'vat trans port vdlur. ^Subroutine automat al 1 v sets 
NSTRU) - if \S'R V S' ' 0) 
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2.4 Steady State V- Array Data 


Reference 
l neat ion 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 


79 


Description Oata Type 


Fluid heatlnq or cooling load In steady state 1(0) 

(Btu/hr) 

Tank wall heatlnq or coollnq load In steady state 1(0) 
(Btu/hr) 

Effective heat transfer conductance (UA) between 1(R) if 

heating/ cool Inq fluid and the tank wall or fluid NSTR(5)'0 

(Btu/hr-°F) 

Maximum weight of liquid in tank. (Full conditions) I(R) If 
(lbs) Flow code ■ 


0 or 4 


Total fluid weight in tank (lb) 

Fluid temperature in tank ( *'F ) 

Fluid volume in tank (ft^) 

Fluid pressure in tank (psia) 

Weight of non-condensables in tank (lb) 

Weight of condensable vapor (lb) 

Weight of condensable liquid (lb) 

Non-condensable specific heat in tank (Btu/lb-°F) 
Non-condensable molecular weight (lb) 

Weight of oxygen in tank (lb) 

Weight of diluent *n tank (lb) 


I(R) 

I(R) 

l(R) If 
NSTR(4)-0 

100 

I(R) If 
Flow code 
1 

I(R) If 
Flow code • 1 

HR) If 
Flow code ■ 1 

0 


0 


UR) 

If 

Flow 

code » 

2 or 

3 

I(R) 

If 

Flow 

code 

2 or 

3 
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Reference 


Location 

inscription 

Data Type 

80 

Weight of CO., In tank (lb) 

I(R) If 
Flow code 
2 or 3 

81 

Weight of trace contaminants In tank (lb) 


82 

Weight of special flow type 1 (lb) 


83 

Weight of special flow type 2 (lb) 

1(R) If 

Flow code 
3 or 4 

84 

Weight of special flow type 3 (lb) 


85 

Weight of special flow type 4 (lb) 


86 

Weight of special flow type 5 (lb) 


87 

Weight of special flow type 6 (lb) 


88 

Specific heat of fluid In tank (Btu/lb-"R) 

0 

89 

Density of fluid In tank (lb/ft^) 

0 

90 

Viscosity of fluid (lbm/ft-hr) 

0 

91 

Molecular weight of fluid in tank (lb/lb-mole) 

0 

2.5 Transient V- Array Data 


Reference 

Location 

Description 

Data Type 

92 

Thermal capacitance of tank shell (Btu/'T) 
(If .rero, steady state logic will be used.) 

I ( R) 

93 

Thermal conductance between internal fluid and 
tank wall (Btu/hr-"F) 

(If R( 93 ) ■ 0 process will be adiabatic.) 

I(R) 

94 

Maximum allowable temperature change in one 
internal compute step to avoid instabilities 
in the heat balances ( l, F) (Typical value » 5'F) 

I ( R) 

95 

External heat load to fluid (Btu/hr) 

I ( R) 

96 

External heat load to tank wall (Btu/hr) 

I(R) If 
R(93) » 0 

97 

Rate of change of mass in tank (lb/hr) 

0 
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2.6 Special Input Feature 

It will he noticed that reference locations ed to 87 contain Information 
analogous to what Is contained In the A or B arrays. The difference Is that 
pounds replace pounds hr and R(7!) contains the tank volume instead of a 
pressure. iVdlnarilv the user n U st input data values into wf of these 
locations In order to define the initial contents of the tank. 
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